Beginning with the QCD Lagrangian in the Global Color symmetry Model (GCM), we have derived a Hamiltonian including lowest order current-current coupling. Taking instantaneous quadratic interaction kernel and using the Bogoliubov-Valatin transformation, we have got an effective Hamiltonian for computation in this paper. This Hamiltonian is similar to that was introduced by Le Yaouanc et al., except that the α − α term has been considered here. In this paper we calculate theqq condensation in the BCS type of vacuum with quark mass and α − α term included. Our calculation shows that the value ofqq condensation is increased of by least 10% with the α − α term included.
Introduction
Both QCD theory and experiments indicate that there is Chiral Symmetry Breaking (CSB) andqq condensation in the QCD vacuum for low energy region. In low energy hadron physics, quark condensationplays an important roll as a nonperturbative effect, for example, it is introduced straightforwardly in the QCD Sum Rule for nonperturbative effects.
Models with phenomenological Hamiltonian together with CSB are adopted by some authors. Le Yaouanc et al. [1] studied Spontaneous Chiral Symmetry Breaking (SCSB) of massless quark system, with only β − β interaction considered in their calculation. P.J. Bicudo et al. [2] introduced some potentials for the quarks. Though they considered quark mass, there are adjustable parameters for potential satisfying special relation, which made their solution rather special. From the QCD Lagrangian of Global Color symmetry Model (GCM) we get our Hamiltonian with only the quark mass and α − α interaction coupling coefficients as phenomenological parameter. These are found to play an important roll in our analysis.
The QCM Hamiltonian
An effective Hamiltonian is derived for the quark system from the GCM Lagrangian which is developed by K.T. Cahill, C.T. Robert and others [3] . The QCD Lagrangian with which we start is
where
ν . An effective Lagranian can be constructed as follows,
where L gf is the gauge fixing term, and L F P G is the term from the Faddeev-Poppov ghost field.
The generating function without source can be written as
Integrating over A and keeping only the low order current-current coupling, one gets
S ef f is the GCM action
From L 0 Dirac we get the free field Hamiltonian H 0 ,
Using the relation
we getV
where τ = x 0 − y 0 . So we get the QCM Hamiltonian
where the interaction kernel D ab µν (x − y) inV will be parameterized in our calculations.
The Bogoliubov-Valatin Transformation and the Gap Equation
We first expand ψ cf (x, 0), H 0 in terms of the creation and annihilation operators of bare quarks and antiquarks,
The bare vacuum |0 satisfies
Then one expresses the Bogoliubov-Valatin transformation and the BCS vacuum as
wherek is unit moment k/|k|, M s1s2 (k) are the elements of the Matrix M (k)
The Q † 0 operator creates the P 3 0 pairs. The rotation angle φ f (k) will be determined by solving the gap equation. The interactionV can be expressed in terms of these new rotated operatorsb cf s (k) andd cf s (k). Including one-body part, one has
Here φ f (k) is the rotation angle in Bogoliubov-Valatin transformation, and θ f (k), the mass angle. λ α is used just as a convenient parameter to express the effect of the α − α term: λ α = 1 stands for the case of including the α − α term; while λ α = 0, without it.
where we have taken the interaction kernel as
We then get the gap equation:
Calculation ofqq condensation
Now, we can solve the gap equation for given D(x-y). To compare with the work of Le Yaouanc et al. [1] , we take the instantaneous kernel
where r = |x − y|. We use the same value of the parameter V 0 as the one used by Le Yaouanc, which was first suggested by R.P. Feynman et al. [4] 
Then the gap equation is written as
where k = |k|/(
The boundary condition and asymptotic behavior of ϕ(k) are given as follows,
andqq condensation as given by GOR relation is [5] is 17% larger with the α − α term than that without it. For effective quark mass, close to constituent quark mass, this increase of condensation is about 10%, maximum increase is about 13%. We can see, while the α − α terms exist, the result is better than the case without it, close to the typical value ofqq condensation. Altogether the contribution due to the quark mass and the α − α term toqq condensation is not neglectable. These effects must be investigated in further studies.
